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DIGITAL MEMORY SENSE AMPLIFYING - MEANS 
femes jE. Webb, Administrator of the National Aero- 
nautics and Space Administration with respect to m in- 
vention of George €, Milligan, Altadens, Calif. 

Filed May 21, 1964. Ser. No. 369,338 • . 

4 Claims. (Cl; 340—174) 


ABSTRACT OF THE DISCLOSURE ' 

A magnetic core memory is described in which sensing 
circuits are connected in parallel with interrogate wind-, 
ings for sensing the state of memory cores coupled to 
the windings. The memory is comprised of a plurality of 
magnetic cores respectively arranged in rows and col- 
umns. Each, of the magnetic cores constitutes a multi- 
aperture device and is capable of defining a *T” state, a 
“0 ’ state, and a “prime" state. A plurality of -interrogate 
windings are provided with each being coupled to the 
cores of a different one of the columns. A plurality of 
sensing circuits are provided wtih each being connected 
in parallel with a different one of the interrogate wind- 
ings. Interrogate means apply signals to the interrogate 
windings in a direction to switch the cores coupled thereto 
to a “1” state. Those core elements defining a “prime” 
state^ will present a relatively high impedance so that the 
applied signal will be diverted to the, lower impedance 
sensing circuit. 


ORIGIN OF INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aero- 3o 
nautics and Space Act of 1958, Public Law 85-568 (72 
Slat. 435; 42 U.S.C. 2457). 

Tirds invention relates generally to. memory apparatus 
capable of storing digital information and more partic- 
ularly to improved sense amplifier means for use with 
digital memories of the magnetic core type. 

Most all digital computers and data processing appa- 
ratus employ a memory comprised of bistable magnetic 
cores for storing digital information. Bistable magnetic 
cores have two stable states of magnetic remanence which 
can be respectively used to represent “0” and “1” binary 
digits. Each magnetic core in a memory can be switched 
to a selected remanent state by applying proper polarity 
currents to windings coupled thereto. The state of a 
magnetic core can be interrogated by determining whether 
or not the core switches when signals are applied to 
windings coupled thereto for driving the cote, to a known 
state. Whether or not the core switches is conventionally 
detected by sensing whether a signal is induced in a sense 
winding coupled to the core. The signal so induced in the 
sense winding is usually of a very small amplitude and 
consequently* fairly sensitive and expensive sense ampli- 
fiers are usually required to detect the induced signal. 

It is an object of the present invention to provide im- 
proved sense amplifying means suitable for use with 
magnetic core digital memories. 

Briefly, in. accordance with* the present invention, a -rel- 
atively low impedance sensing circuit is connected in 
parallel with the interrogation winding of a core such 
that when an interrogation signal is. applied to .the wind- 
ing, a significant portion of the interrogation signal will 
be steered to the sensing- circuit, rather than- traverse the 
interrogation winding, if the interrogation winding pre- 
sents a .relatively high impedance. The interrogation wind- 
ing will present a high impedance to signals which are 
of a polarity tending to switch the core. 
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The sensing circuit can be comprised of cascaded 
stages capable of introducing signal gain. In a preferred 
embodiment of the invention, each stage .includes a bi- 
stable magnetic core, capable of introducing flux gam. 
5 Thus, the current diverted from the interrogation wind- 
ing of the memory core can be used to set a first stage 
core. The first stage core can then be similarly Interro- 
gated at a later time so that current diverted from, its 
interrogation winding will set a second stage , core. By 
30 proper use of the winding; turns ratios and by pro- 
gressively increasing the' size of the cores in successive 
stages, an output signal will be provided by the last sens- 
ing circuit stage which signal* has a considerably greater 
magnitude than that normally provided' by the memory 
15 core. 

The teachings of the invention are as equally applicable 
to memories using all known types of magnetic cores. 
Thus, the sensing technique introduced herein cm be used 
with most single aperture and multiaperture magnetic 
20 core memories. A typical latter type of memory is dis- 
closed in detail herein. 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention itself both as to its or- 
25 ganization and method of operation, as well as additional 
objects and advantages thereof, will best be understood 
from the following description when -read in connection 
with the accompanying drawings, in which: 

FIGURE 1 is a diagrammatic view of a typical mag- 
30 netic memory core illustrating the various windings con- 
ventionally coupled ’ thereto together with sense ampli- 
fying means in accordance with the invention connected 
to the interrogation winding; 

FIGURE 2 is a diagrammatic illustration showing the 
various flux states which can be assumed by the core of. 
FIGURE 1; and 

• FIGURE 3 illustrates a substantially conventional 
memory matrix and sense amplifying means in accord- 
ance with the invention for use therewith. 

Attention is now called to FIGURE 1 of the drawings 
w*hich illustrates a conventional two aperture magnetic 
core device 10, often called a transfluxor. The transfluxor 
10 has both a large and a small aperture which are 
spaced so as to define three legs respectively identified 
45 as 12, 14, and 16. 

FIGURE 2(a) diagrammatically illustrates one state 
of flux orientation in the transfluxor 10. It will be noted 
that all of the flux is directed in a counterclockwise direc- 
tion. FIGURE 2(b) illustrates a second state of flux ori- 
50 entation in which the flux is directed in a clockwise direc- 
tion about the small aperture. FIGURE 2(c) illustrates 
a third state of flux orientation in the transfluxor 10 and 
differs from the state shown in FIGURE 2(5) by virtue 
of the fact that the flux is directed in a counterclockwise 
55 direction around the small aperture. FIGURE 2(d). illus- 
trates a fourth state of flux orientation in which all of the 
flux in the transfluxor is directed in a clockwise direc- 
tion. 

As will be more readily understood hereinafter, the four, 
GO flux orientations definable by the transfluxor 10 permit 
the transfluxor to be interrogated n on -destru cti vefy, That 
is, whereas- the information stored in conventional single 
aperture eore.s is destroyed when the core is interrogated* 
the information is not so destroyed when the transfluxor 
65 is interrogated. As a consequence, the use of a transfluxor 
memory permits the elimination of the write-after-read 
phase normally required in the use of single aperture 
magnetic core memories. As has been pointed out, the 
teachings of the invention herein can be used equally as 
well with cither single or multiple aperture magnetic 
cores and it should be understood that the illustration of 
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a multiaperture core embodiment Is not intended as a 
restriction of the invention. 

In order to write information into and read informa- 
tion from the transfluxor 1®, signals of appropriate polar- 
ity must be applied to windings coupled to the transflux- 
or. Thus, drive select winding A connected between a 
single-pole double-throw switch 18 and ground is coupled 
to leg 12. Switch 18 can -selectively connect one end of 
winding A to a source of either positive or negative poten- 
tial. A prime winding B is connected between a single- 
pole double-throw switch 20. and ground' and is -inductive- 
ly coupled to leg 14. Similarly, winding C is connected 
between single-pole single-throw switch 22 and' ground 
and is also inductively coupled to leg 14. Interrogate wind- 
ing D is connected between single-pole single-throw switch 
24 and ground and is inductively coupled to leg 16. 

By connecting switch IS' to the source of -positive poten- 
tial, .a positive current will be developed in winding A 
which will orient the flux downwardly in leg -12; to there- 
by drive the, transfluxor 10 to the flux orientation state 
illustrated in FIGURE 2(a ) . This state will be referred 
to as the “clear” state. By connecting switch IS to the 
source of negative potential, a current will be driven 
through winding A which will tend to switch the flux in 
leg 12 to an upward direction to Thereby define the fiux 
orientation state illustrated in FIGURE 2(d). This state, 
will be referred to as the binary digit “O’" state. If switch 
2® is closed concurrently with switch IS being connected 
to the source of negative potential, the fiux in leg 14 will 
be prevented from turning downwardly and as a conse- 
quence the transfluxor will be driven -to the flux orienta- 
tion state illustrated in FIGURE 2(h). This state will 
be referred to as the binary 7 digit “1” state. It is to be 
noted that if switch 20 is closed, when switch 18 is open, 
it will have no effect on the flux orientation in transfluxor 
10 if -the transfluxor defines either the “dear” state or the 
“0” state. If the “clear” state is defined, the signal de- 
veloped in winding B will merely tend to further saturate 
the flux in leg 14. If the “0” state is defined,, the signal in 
winding B will tend to re-orient the flux in leg 14 but will 
be unable to inasmuch as it will be insufficient to re- 
verse the flux in the large leg 12 and can only further 
saturate the flux in the small leg 16. 

If switch 22 is closed while the transfluxor 10 defines 
the “1” state, the flux in legs 14 and 16 around the small 
aperture will reverse to thereby define .the state illustrated 
in FIGURE 2(c) which will be- referred to as the “1” 
prime state. If switch 22 is closed while either the “clear” 
or “0” states are defined, it will have rio effect on the fiux 
orientation in the transfluxor. 

In order to interrogate the transfluxor 10 of FIGURE 
1, switch 22 can be initially closed to thereby drive the 
transfluxor 10 that had previously defined the flux orien- 
tation state of FIGURE 2(b) to the fiux orientation of 
FIGURE 2(c). As noted, if any state other than that il- 
lustrated in FIGURE 2(b) was defined, the closure of 
switch 22 will have no effect Subsequently, switch 24 
can be closed which has the effect of orienting the fiux 
in leg 16 in a downward direction. It should be apparent 
that the transfluxor will switch only if it defines the “1” 
prime state is which event it will switch back to the “!” 
state. This switching, in accordance with the prior art, 
can be detected by a sense winding (not shown) coupled 
to either legs 14 or 16. The signal induced in the sense 
winding by the switching however is of a small ampli- 
lude which must be detected by relatively sensitive and 
expensive sense amplifying means. In accordance, with the 
invention herein, in lieu of utilizing a sense winding 
coupled to either of the legs 14 and 16, a sense amplify- 
ing circuit 26 is connected in parallel with the interroga- 70 
lion winding D. 

The sense amplifying circuit %€ presents a relatively 
low impedance to a signal applied to the interrogation 
winding D. On the other hand, the interrogation 
winding will present a relatively high impedance to a 75 
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signal applied thereto which signal is of a polarity tend- 
ing to switch the core coupled to the interrogation wind- 
ing. Thus, when the transfluxor 10 defines the state of 
FIGURE 2c and when a signal is applied through switch- 
5 24 to the interrogation winding D, the interrogation wind- 
ing will initially present a much higher impedance to the 
signal than will the sense amplifier circuit 26. Thus, until 
the transfluxor 10 switches, a substantial portion of the 
current applied to the- winding I> will be diverted or 
i() steered 'into the- sense amplifying circuit 26. After the 
‘ transfluxor switches, then the winding D presents a very 
_ low impedance and an extremely small amount of cur- 
' rent, if any, will be steered to the sense amplifying circuit 
26 . In the event the transfluxor I® defined' any state other 
15 than that of FIGURE 2c, winding D would. have pre- 
- . sented a low impedance to the. signal applied thereto and 
no significant current would have been coupled to the 
sense amplifying circuit 26. Inasmuch as the amplitude 
of the current applied to winding D and diverted to the 
20 sense* amplifying circuit 26 can be significantly greater 
than the current normally induced m a sense winding cou- 
pled to one of the legs 14 or 16, the sense amplifying' 
circuit 26 need not be nearly as sensitive or expensive as 
conventionally used sense amplifying circuits. 

25 Attention is now' called to FIGURE 3 of the drawings 
which illustrates a memory- matrix comprised of trans- 
fluxor magnetic cores of the type shown in FIGURE 1* 
The matrix illustrated in FIGURE 3 is comprised of three 
-rows and three columns but it of course should be appre- 
30 dated that a matrix of any size cart be constructed in 
accordance with the invention. Each matrix row can be 
used to store a different computer word. Thus, it is de- 
sirable to be . able to write information into or read in- 
formation from all of- the transfluxors in any particular 
35 row, in parallel or simultaneously. Each matrix column 
includes transfluxors which store corresponding bits of 
different words. 

More particularly, the transfluxors of row 1 of the 
matrix are identically threaded by winding A1 -and wind- 
40 ing Cl respectively corresponding to windings A and C 
of FIGURE 1. The transfluxors of column 1 are similarly 
coupled to windings B! and D1 respectively correspond- 
ing to windings B and D of FIGURE 1. A different sense 
amplifying circuit '26 is connected to each different in- 
terrogation winding. 

In order to write information into a selected memory 
location, e.g., row 1, all of the row 1 transfluxors are-, 
initially driven to the “clear” state of FIGURE 2 a by 
connecting the winding A1 to the source of positive po- 
tential. Then, in order to drive the transfluxors in row 
1 to either a “0” or “1” state, the winding A1 is connected 
to the source of negative potential and the B windings as- 
sociated with transfluxors in which it is desired to store a 
“1,” are connected to a source of positive potential. The 
B windings can be responsive to stages of a memory Input 
register (not shown). Thus, all of the transfluxors in row 
1 coupled to a D winding in which a current is developed 
will be switched to the “1” slate while all other transflux- 
ors in the row will be switched to the “0” state. In this 
manner, information is written into the memory. Of 
course, in order to write information into other locations, 
the A windings corresponding thereto should he appro- 
priately controlled. The control of the A windings is pref- 
erably exercised Id response to stages of a memory ad- 
dress register (not shown). 

In order to interrogate a particular memory location., 
the C winding coupled thereto is connected to the source 
of positive potential. Thus, in order to interrogate the 
transfluxors of row 1, winding Cl is connected to fee 
source of positive potential to thereby switch those row 1 
transfluxors defining a “T state to a “.I” prime state. At 
this point, it should be apparent that only one of the 
matrix rows can contain transfluxors in the “I” prime 
state. Thereafter, the & windings will all be connected to 
sources of positive potential. Those B windings coupled 
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to transfluxors defining a S T’ prime state will present a 
high impedance and will thus steer current into the sense 
amplifying circuit 26 connected in parallel therewith. 

The sense amplifying circuits 26 can comprise a plu- 
rality of cascaded stages, each stage including a bistable 
magnetic core. Thus, the sense amplifying circuit con- 
nected to winding D1 includes cores 30 and 32 in the first 
and second stages thereof. Winding 34 is connected be- 
tween switch 24 associated with winding 'Dl, and ground. 
When current is diverted into winding 34 the .flux in core 
30 will be switched in a clockwise direction. A winding 
36, having a greater number of toms than winding 34. is 
also provided on core 30 and is connected between ground 
and single-pole double-throw switch 38- adapted to engage 
a source of positive potential. Connected in 'parallel with 
winding 36 is a series circuit including winding 40 and 
diode 42. Winding -40 is inductively coupled to core 32 
which has a winding 44 also coupled thereto. Winding 44 
has a greater number of turns than win ding 40. 

In the. operation of the sense amplifying circuit 26, 
when the transfluxor memory core is interrogated, core 
30 will be switched to a set state if the transfluxor memory 
core associated therewith defines a “1” prime state. As 
noted, the current diverted from interrogation winding D1 
into winding 34 can be significantly greater than the cur- 
rent normally derived from a sense winding coupled di- 
rectly to the transfluxor memory core. After the inter- 
rogation signal has been applied through switch 24 to the 
interrogation winding DX, the switch 3S is closed to ap- 
ply a current to winding 36 to reset the core 30. If the 
core 30 had been set, Core winding 36 will present a high 
impedance to the current applied thereto and thus, the 
current applied through switch 3S will be Averted into 
winding 40 through diode 42. The current through wind- 
ing 40 will set core 32. If on the other hand core 30 had 
not been initially set, winding 36 will not present a high 
impedance and core 32 will not be set. The setting of the 
core 32 by the current diverted into winding 40 will in- 
duce an output signal in winding 44 which has an ampli- 
tude- considerably greater than the signal derivable from 
a sense winding coupled to the transfluxor memory core. 

The sense amplifying circuit 26 provides a significantly 
larger output signal than the input signal provided thereto 
because of the flux gain introduced therein. That is, in 
each succeeding stage of the sense amnlifier 26, a greater 
amount of flux is switched to thereby provide a larger 
signal at the output winding of the last sense amplifying 
circuit stage. The amount of flux switched in each of the 
amplifying circuit stages is determined by the ampere 
turns microseconds applied thereto with the limit of 
course being defined by the core material and dimen- 
sions. Thus, a relatively small amount of flux can be 
switched in core 30 by winding 34. The application, 
through switch 3& of a large current to windings .36 and 
40 will enable winding 40 to switch a greater amount of 
flux in core 32. The amount of flux and rapidity vrith 
which it is switched of course determines the amplitude 
of the induced output signal. ... 

From the foregoing, it should be appreciated that an 
improved apparatus has been disclosed herein fox sens- 
ing signals provided by magnetic memory cores when in- 
terrogated. By steering a signal applied to ah interroga- 
tion winding into a sense amplifying circuit connected in 
parallel therewith, and by constructing a sense amplifying- 
circuit of cascaded stages,. the complexity and expense of 
sense amplifying circuits is considerably reduced. It is 
recognized however that a time penalty is paid for the 
reduction in cost and complexity inasmuch as the signal 
gain introduced by the amplifying circuits is developed 
sequentially or progressively in the cascaded stages. 

Although each of the sense amplifying stages has, been 
disclosed as being comprised- of a magnetic core with sig- 


nal gain being achieved by a flux gain process, it should 
be appreciated that in an alternative embodiment tran- 
sistor or vacuum tube stages can be used for achieving sig- 
nal gain. Inasmuch as sensing in accordance with the in- 
5 vention herein is accomplished bv' apparatus completely 
independent of. conventional sensing apparatus, both 
forms of sensing can be redundantly employed where ex- 
tremely high reliability is desired. 

It is further pointed out -that although FIGURE 3 Is 
20 directed to a memory in which information is accessed 
in parallel, considerable hardware reduction can be 
achieved if ..serial accessing is tolerable. Thus, a single 
sense amplifying circuit can be successively commutated 
to each of the interrogate windings. The commutation 
15 rate could of course be. synchronized with the shifting of 
information between stages of the amplifying circuit. 

What is claimed is: 

1. A digital memory system comprising: 

a plurality of magnetic cores respectively arranged in 
20 rows and columns; 

each of said magnetic cores being capable of defining 
at least three different states of magnetic - ctnenanee 
respectively identifiable as a “ 1 ” state, “CP state, 
and a “prime’' state; 

25 a plurality of prime windings each respectively coupled 
to the cores of a different one of said rows; 
selection means for selectively energizing one of said 
prime windings to switch the cores coupled thereto 
defining a “ 1 ” state to a “prime” state; 

30 a plurality of interrogate windings each respectively 
coupled to the cores of a different one of said col- 
umns; 

interrogate means for applying a signal to each of said 
interrogate windings in a direction to switch the cores 
35 coupled thereto defining a “prime” state to a **V* state 
whereby those cores defining a “prime” state will 
present a relatively high Impedance to said Inferro- 
■ gate means and those cores defining a state other than 
said “prime” state will present a relatively low .imped- 
ance to said interrogate means; and 
a plurality of sensing circuit means each connected in 
■ parallel with a different one of said interrogate wind- 
ings, each of said sensing circuit means presenting an 
impedance to said interrogate means which is less" 
than said high impedance and more than said low im- 
pedance presented by said cores. 

2. The combination of claim 1 wherein said sensing 
circuit includes at least one signal amplifying stage. 

3. The combination of claim .2 wherein said signal am- ' 
plifying stage includes a sensing magnetic core responsive, 
to current diverted into said sensing circuit for switching 
to a first state; an interrogation winding coupled to said 
sensing magnetic core;. and one or more flux amplifying 
circuit stages connected to said sensing magnetic core in- 
terrogation winding. 

4. The combination of claim 3 -wherein each of said 
flux amplifying circuit stages includes a magnetic core 
having an interrogation winding coupled thereto aad- 
wherein a drive winding coupled- to the core in a subset 
quent stage is connected in parallel with each interroga- 
tion winding. 
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